Introduction
By October 1998, the first genetically modified herbicide-tolerant (GMHT) crops had cleared most of the regulatory hurdles needed before commercial growing could be permitted in the UK. Varieties of these crops, maize Zea mays L., beet Beta vulgaris L., spring oilseed rape and winter oilseed rape, or canola Brassica napus L., have been modified to make them tolerant to broadspectrum herbicides. Maize and oilseed rape varieties were made resistant to glufosinate-ammonium and the beet to glyphosate. Such (Gressel & Rotteveel 2000) and to reduce reliance on persistent and relatively hazardous chemicals (Phipps & Park 2002) . The regimes differ in timing and specificity; the herbicides glyphosate and glufosinate-ammonium are broad-spectrum and can be applied later in the development of tolerant crops than herbicides applied to non-tolerant crops. However, concerns were raised (DEFRA 2002 ) that this change in weed management might exacerbate the recent declines in biodiversity of arable fields, especially by reducing food resources for farmland birds (Krebs et al. 1999 ). This indirect risk to the environment of using such herbicides on crops had not been considered specifically under the existing regulatory system, but was potentially of great public concern. In response, the UK government introduced the concept of the 'managed development' of GMHT crops, which involved a voluntary delay in their commercial use to allow time for research into the effects of the management of these crops on farmland biodiversity (DEFRA 2002) .
The background to this concern about farmland biodiversity is the considerable evidence of declines in abundance of many species groups associated with lowland farmland in Great Britain ( Many plants of arable habitats have also declined in frequency, more than any other major group of the British flora (Preston et al. 2002) . These declines are associated with changes in farming practice, especially a switch from spring to winter cropping, and increases in fertilizer and pesticide use (Evans 1997; Chamberlain et al.
2000)
. It was suggested that GMHT crops might exacerbate these declines, not because of any direct effect of the genetically modified (GM) technology on other species but because farmers would be able to control weeds more effectively (Hails 2000 hypothesis addresses effects at the farm scale, which encompasses the need to account for potential changes in management of the farming system as a whole. The interpretation of any differences depends upon their magnitude, their timing and which taxa are affected. In particular, there may be combinations of differences that indicate changes in important ecological processes, such as altered predator-prey ratios. There may also be landscape-scale implications of any differences, including effects arising from altered proportions of crops and land uses on the farm and between regions; these cannot be detected directly within the experiment, but may be explored using mathematical modelling. In order to take into account variation due to effects of weather on species abundance and crop management, batches of new sites are introduced into the FSE in 3 successive years. These are selected in order to maintain the representativeness (especially geographical) of the overall sample, using a combination of new farms and new fields in farms already taking part in the study; this helps distinguish between crop management by farmers new to GM cropping and those with more experience. In general, commercial rotations ensure that the experimental crops are followed with cereals. However, it is sometimes appropriate to grow maize continuously, in which case the treatment and observation schedules are repeated, with the same allocation of treatment to field half as in the first year. (Firbank 1999 ) and partly for their contribution to food resources, cover and microclimate for other organisms (Potts 1997 ). The indicators of these weed populations must be sensitive to the differences in weed management and must be capable of providing data that can be related to resources for herbivores. Therefore, the FSE records data on the weed seed bank, seedlings (before and after post-emergence herbicide application), adult plants, seed set and dissemination ( Fig. 1; Harper 1977) . Such data can be used to generate population models of individual species ( Table 1 . The biodiversity indicators measured directly during the FSE. Note that 'abundance' refers to the density of individual species; such data can be used to generat to the actual fieldwork protocol for collecting the data, see Table 2 Birds, small mammals and some insects have territories and foraging areas too large for population effects to be detected at the scale of the experiment, and so were largely excluded from the set of indicators. In general, potential effects on these wide-ranging species will have to be inferred from changes further down the food webs (Watkinson et al. 2000) , using data on species biomass as well as abundance. Bees and butterflies are being monitored, quantifying foraging behaviour rather than effects on populations, because of their role as pollinators. Also, a pilot study was undertaken to consider the power of the FSE to detect treatment differences in bird numbers.
Project design and methods

EXPERIMENTAL
While soil organisms may also be influenced by GMHT cropping, especially through associated changes in cultivation regime, these were largely excluded from the FSE. This is partly because differences due to cultivation regimes need several years to become apparent ( 
Arable plants within the cropped area
Our model for the possible effects of GMHT crop management is through the influence of the herbicide regimes on arable plant assemblages, and so these plants are closely monitored both within the season and in subsequent seasons. Higher plants are sampled from the soil seed bank prior to sowing, from seedling numbers before and after herbicide applications (with a mezzanine count between the application of herbicides on the conventional and on the GMHT treatments for beet and winter oilseed rape), from numbers and biomass of adult plants prior to harvest, and from seed rain from anthesis until harvest (Fig. 1) Staff of the consortium have been heavily involved in meetings with the public and interested parties, and the progress of the research has been reported on a website. Despite our efforts, we remain concerned that the findings will be overinterpreted, that they will be used as arguments for the widespread adoption, or rejection, of GM crops in general (depending on our findings). Our experiment refers only to one effect of one crop trait. Our findings cannot be extrapolated to other crop traits, nor to other socio-environmental systems, and are unlikely to shed light on the philosophical and symbolic aspects of the debate on GM technology. They will, however, illuminate an issue of great policy and public concern. We also envisage that the FSE will have a broader ecological relevance. Many of the issues that concern the interaction between land management and biodiversity are potentially suitable for experimentation along the lines adopted by the FSE. Indeed, we would like to think that the FSE could become a model case study for future studies of ecological effects of the way we use and manage agricultural land.
